Abstract-Using isolated dog veins, we examined whether correlations exist between the regional differences in sensitivity to drugs and their embryogenesis.
probable reflection of the properties of smooth muscles were discussed.
A preliminary report of the study has been presented (4) .
MATERIALS AND METHODS
Twenty-five male mongrel dogs, each weighing 6-15 kg, were used. Segments of veins were removed from 12 sites in the body, under anesthesia with 35 mg/kg of pentobarbital sodium i.v., and were immediately placed in Krebs bicarbonate solution. The experiments were done on: the cephalic, external jugular, brachiocephalic, azygos, pulmonary, portal, mesenteric, splenic, renal, femoral, and lateral saphenous veins and the superior vena vava. Spiral or circular strips were prepared in Krebs bicarbonate solution.
The preparations were suspended in organ baths which contained 10 ml of Krebs bicarbonate solution equilibrated with 95% O2 -i--5 %CO2 and maintained at 37"C. The composition of the solution in mM was as follows: NaCI 119, KCl 4.7, CaCl2 2.5, KH2PO4
1.18, MgSO4 1.17, NaHCO3 24.9 and glucose 11.1. The isometric tension was recorded by means of force-displacement transducer (Kyowa Electric Instrument, 120T-IOB and Nihon Kohden, SB-iT).
All preparations were 10 mm in length. The widths of the preparations had been preliminarily determined to make the maximum developed tension about 1-2 g in all veins. At the end of each preliminary experiment, the preparation was contracted by replacing the normal Krebs bicarbonate solution in the bath by high-K solution, in which NaCI was replaced with an equimolar amount of KC1. Furthermore, norepinephrine (10-5 M), acetyl choline (10-4 M), histamine (10-4 M) and 5-hydroxytryptamine (10-5 M) were added suc cessively to the bathing solution, and the obtained tension was regarded as the maximum tension. The widths were 1 mm in the lateral saphenous vein, 2 mm in the cephalic, portal, mesenteric, splenic and femoral veins, and superior vena cava, and 4 mm in the external jugular, brachiocephalic, azygos, pulmonary and renal veins. The resting tension was 1.0 g for all preparations.
The preparations were allowed to equilibrate for 60-90 min, before the experiments were commenced.
Concentration-response curves for the four vasoactive agents (norepinephrine, acetyl choline, histamine and 5-hydroxytryptamine) were obtained in cumulative manner. For the purpose of obtaining the four curves in a single preparation, the order of application of the drugs was randomized. The interval between drug applications was 1.5 h.
In order to obtain a general view on the distribution of drug sensitivities in the venous system, a new method was devised as follows. The pD2 values of 4 vasoactive agents were determined graphically from concentration-response curves in each preparation. The mean and standard error of pD2 values were calculated in each vein. Then, for each drug, a histogram was drawn by stacking the overlapping ranges (mean±S.E.) of the pD2 value for each of the veins, as illustrated in Fig. 1 . The ordinate indicates the number of veins which could occupy the same pD2 value.
In addition to the findings in the twelve veins, the analyses included the data of three segments of the inferior vena cava which were obtained in the previous study (2) . The three segments were segment A (supradiaphragm), segment B-C (intrahepatic and that between the liver and renal veins) and segment D (infrarenal). Their pD2 values were obtained under comparable experimental conditions and by the same method except that they were not estimated graphically, but computed following a mathematic procedure. The results were schematically shown in the previous paper (2) , but the numerical data were not presented.
The agents used were l-norepinephrine bitartrate (Sigma), acetylcholine chloride (Ovisot, Daiichi Seiyaku), histamine dihydrochloride (Katayama Kagaku Kogyo) and 5-hydroxytryptamine creatinine sulfate (Sigma). The maximum responses to norepinephrine were the largest among those to the four agents, in all veins, except the pulmonary. In the pulmonary vein, the largest response was induced by histamine.
The maximum response to norepinephrine was sometimes smaller than that to 5-hydroxytryptamine or acetylcholine.
The responses of veins to 5-hydroxytryptamine were classified into three types. In the first type, the response was a concentration-dependent contraction in a lower concen tration range up to 3 x 10-6-10 M followed by a relaxation in the higher concentration range. Such responses were observed in the external jugular, azygos, brachiocephalic, pulmonary, renal and femoral veins and the superior vena cava. In the following, the former part of the response will be referred to as the first contraction.
The second type of response was composed of the first contraction (up to 3 V: 10-a-10-S M) and an additional contraction which appeared after a higher concentration (1-3 10 M) of 5-hydroxy tryptamine was applied (the second contraction). The response of this type was observed in the cephalic, lateral saphenous, portal and mesenteric veins.
In the third type, after the first contraction was induced, the peak tension was maintained at a higher concentration range without any additional change. This type of response was observed only in the splenic vein. As reported previously, the three types of responses to 5-hydroxytryptamine were observed in three segments of the inferior vena cava: the first type of response in segment A, the second type in segment B-C, and third type in segment D (2). As stated below, the conclusion was drawn from results of the more sensitive veins.
In general, the pD.2 values for norepinephrine and 5-hydroxytryptamine were considerably larger than those for acetylcholine and histamine. Histograms of pD2 value for each agent : For each agent, the pD2 values varied among the veins (Table 1) . Therefore, in order to clarify the distribution of pD2 values, a histogram was drawn according to the procedure described in the Methods. This standard deviation indicates that which will be expected for the experimental error.
The pD, value was transformed to the normalized value (Z) by the following equation :
The normalized values of pD2 were accumulated for each range of 0.25 and plotted on a histogram, as shown in Fig. 5 . As for norepinephrine, 5-hydroxytryptamine and histamine, the values of both high sensitivity (open circles) and low sensitivity groups (closed circles)
were distributed almost normally within the range form -3 to +3 around the mean of each group. The difference of means obtained for each agent was significant (p<0.05), when analyzed by Student's t-test.
DISCUSSION
From an embryological viewpoint, veins may be classified broadly into two groups:
the veins of the body wall and extremities, and those of the intestinal system. The body of the vertebrate embryo can be regarded as a double tube, the outer is the body wall and the inner is the intestinal canal. A close relation between the early development of the vascular system and that of the intestinal canal was stressed by Ura (5, 6, cf. 7) and Miki (8) .
In the present study, the canine veins could be divided into two groups regarding the sensitivities to the three endogenous vasoactive agents, by selecting the veins which showed higher values of pD2 than the critical values (Fig. 4) . In general, the veins of the body wall and extremities were highly sensitive to norepinephrine and 5-hydroxytryptamine, whereas those of the intestinal system (the pulmonary, portal and mesenteric veins) were highly sensitive to histamine. The segment B-C of inferior vena cava is considered to belong to the intestinal group, as discussed below. The pattern of distribution of sensitive veins shown in Fig. 4 well coincides, as a whole, with the distribution of sensitivity to bradykinin reported in a previous paper (1), and correlates well with embryogenesis of the venous system.
Although the histogram of pD2 values for acetylcholine exhibited a single distribution (Fig. 3) , our preliminary observation suggested the possibility that it may be divided into In the previous paper (3), we withheld an interpretation of our finding that the segment B-C was innervated by cholinergic excitatory fibers. Recently, this innervation was obser ved in the mesenteric vein (to be published). At present, we are inclined to consider that these vessels receive the innervation, not because they are exceptional, but because their smooth muscles may be originally related to the intestinal muscles. In this regard, a few reports on the vessels receiving cholinergic excitatory innervation can be mentioned, i.e.
the sheep mesenteric vein (14) , the anterior mesenteric artery of the domestic fowl (15, 16) , and the pulmonary artery of a lizard (17) .
Curiously, the splenic vein responded in a manner similar to the veins of body wall or extremities, whereas it is generally thought to be a portion of the portal venous system. It was suggested by Miki (8, 18) , however, that there is a reason why the splenic vein dis tinguishes itself from other vessels of the system. On the basis of his observation on the vasculogenesis of spleen in the chick embryo, he stated that the splenic vein can be regarded as a great venous shunt which developed between the spleen and the portal vein, in a relatively early stage of embryogenesis. Our finding supports this opinion.
The preparations from segment A responded sensitively to the three agents, norepin ephrine, 5-hydroxytryptamine and histamine. Such responses were also observed in the external jugular, brachiocephalic veins, superior vena cava, azygos, and femoral veins.
The muscles of these veins might originate from similar mesenchymal cells. The postrenal portion (segment D) of the inferior vena cava did not belong to any group and had a low sensitivity to all agents.
Pertinent studies were made by Bevan (19, 20) . He studied the sensitivities of the blood vessels of rabbits to epinephrine and/or norepinephrine, and discussed the results from an embryological point of view.
We have discussed the classification of veins, assuming that the differences of sensitivity were derived from differences of their smooth muscle cells. Generally, the sensitivity of smooth muscle tissue to an agent is determined by the affinity of its own receptors for the agent and also possibly by the contractile process within the cell. The venous strips used, however, contained elements other than smooth muscles, such as nerves and connective tissues. Therefore, the influence of these factors on sensitivity must be considered.
The diffusion rate of an agent or the thickness of the vein possibly affect the pD2 value (21) . For example, the concentration of an agent in the outer region of a tissue may be different from the inner region. The differences in thickness of the preparations used, however, did not correspond to any difference in the distribution of sensitivity for the agents.
The differences in the innervation or the neuronal uptake and destruction near the terminals may have influenced the distribution of sensitivity for each agent. The second contraction induced by 5-hydroxytryptamine is due to its action on the sympathetic nerves (2) . In the present study, remarkable second contractions were observed in the cephalic, portal, mesenteric and lateral saphenous veins and segment B-C of the inferior vena cava. These veins were shown to have dense adrenergic innervation (3, 14, 22, 23) . The result of the present study suggested a close relation between the second contraction induced by 5-hydroxytryptamine and the adrenergic innervation (sympathomimetic action of 5-hydroxy tryptamine). These veins belonged to both high and low sensitivity groups for each agent. Figure 5 shows that with regard to the three agents, the standard deviations in both the high and the low sensitivity groups were of similar size , being about 1 6 (the experimental error). This fact indicates that if the differences in vein thickness, the diffusion rate of the agent and innervation distribution, and other unknown factors caused the variation in sensi tivity, i.e. standard deviation of a group, the influences of these factors were similar.
Taking the above factors into consideration , it may be reasonable to conclude that the histograms shown in Fig. 3 demonstrate the distinction between the high and low sensitive veins, possibly reflecting the differences in the properties of smooth muscles.
In the present study, the properties of smooth muscles were compared in terms of the pD2 values, which are the integrated results of various effector influences. On the cell membrance, the main factor which determines pD2 values is the affinity of receptors for an agent. Vascular smooth muscles are known, however, to have different types of receptors,
i.e. a and j3-receptos for norepinephrine, and Hl and H2-receptors for histamine (24) .
Therefore, further analyses are needed on the distribution and relative importance in deter mining the response of muscles. The contractile mechanism within the cell is another factor, and possibly, a nonlinear relationship between amount of stimulus to receptors and tension development may also influence the pD2 value. In this regard, Devine et al.
reported that the main pulmonary artery and aorta of rabbits contained larger volumes of sarcoplasmic reticulum than did the mesenteric vein and taenia coli (25) . All these factors are related to the property of smooth muscles, and are reflected in the pD2 value. The results of the present study strongly suggest that the embryogenesis of veins is an important determinant of properties of their smooth muscles.
